Based on a morphological taxonomic revision of available species, and supported by a separate molecular phylogenetic study, we identified Onthophagus (Palaeonthophagus) medius (Kugelann, 1792) as a good western palaearctic species and a sibling species of O. vacca (Linnaeus, 1767). In this paper we diagnose and illustrate the key morphological features and distribution of both species. A neotype is designated for Copris medius Kugelann, 1792.
Introduction
The Onthophagus vacca (Linnaeus, 1767) species complex was previously thought to include a single species in Europe, which was described based on just female specimens from southern France ("Gallia australi") and northern Poland/Germany ('Prussia' = "Borussia" in Linnaeus 1767). However, subsequently to its original description several additional forms (= taxa) were established, partly due to ignorance of the identity of the true O. vacca (e.g. Fourcroy 1785) or due to apparent distinctive patterns of variation in several external features such as the pronotum and elytra or the different shapes of the carinae on the head and horns (Kugelann 1792 , Panzer 1796 , Schrank 1798 , Sturm 1800 , Mulsant 1842 , Fischer von Waldheim 1844 , Gistel 1857 , Motschulsky 1845 , Seabra 1907 . Erichson (1848) distinguished two taxa, O. vacca and O. medius (Kugelann, 1792) (from Prussia), based on a comparison of the two species that revealed clear differences between them. However, he was uncertain because of the wide variation of external morphology and colour. Since then, O. medius has been treated as a synonym of O. vacca by all subsequent authors (e.g. Horion 1958; Balthasar 1963; Baraud 1985 Baraud , 1992 Stebnicka 1983; Martin-Piera & López-Colón 2000; Kabakov 2006 ). For example, Horion (1958) argued that O. medius is often treated as 'variation' and merely an insignificant colour aberration. Even intensive comparative morphological studies by Zunino (1979) , who designated O. vacca as type species of the new subgenus Palaeonthophagus, and by Kabakov (2006) , who illustrated two forms of genitalia for O. vacca without more detailed explanations, could not definitively resolve the 'uncertainty' within this species complex. After a series of preliminary morphological investigations by one of us (E.R.), we had some 'intuitive' reason to reassess Erichson's (1948) treatment of this complex as two different species. In a separate study that will be reported elsewhere, we performed a phylogenetic analysis of mitochondrial DNA (cox1) of a number of specimens of the O. vacca complex available from a selection of European localities within the complete range of the species. Genetic results are also consistent with a morphometric analysis (being prepared by Ahrens and colleagues) confirming the existence of at least two separate species in the O. vacca complex. Based on these results, we present here the results of the study of dry material from a wide range of collections and museums all over Europe, leading to the clarification of morphological differentiation and distribution of the two sibling species, O. vacca and O. medius.
Material and methods
For identification, genitalia of all male specimens were dissected and mounted together with the specimen on the same pin. Specimen morphology illustrations were done by E.R. with a drawing tube attached to the stereo microscope. Specimen data are provided as written on labels, between quotation marks. All details from molecular and morphometric analyses will be provided in a separate paper being prepared by Ahrens and colleagues.
The following abbreviations indicate the private and institutional collections in which the examined specimens are preserved: * Exception: in populations from Corsica and Sardinia, spots are often linked to dark stripes (Fig. 2H) ; these individuals co-occur with weakly spotted specimens.
Type material examined: Lectotype (Scarabaeus vacca, designated by Krell (1996) Redescription. Body length: 7-13 mm, body oval, weakly convex, dull; head and pronotum metallic green, rarely cupreous; elytra yellow with asymmetric dark spots; ventral face, pygidium and legs black with weak metallic sheen; dorsal pilosity short and light.
Head. Antenna brown, clavus black; anterior edge of clypeus reflexed, with transverse wrinkles, head coarsely punctate to granulate between frontal carina and vertex.
Pronotum. Lateral margins behind anterior angles straight or convex, anterior angles weakly rounded, posterior angles sinuate, basis with distinct marginal line often narrower or entirely interrupted close to posterior angles (Fig. 2AI) ; punctation coarse, dense, very dense and granulate beside anterior angles, with narrow smooth impunctate sections on midline and beside posterior angles.
Elytra. Yellow, base and suture narrowly dark with green sheen, epipleura completely light; spots small, black with green sheen, asymmetric, base always without spots, yellow ground colour always prevailing as spots are slightly confluent or not confluent (Figs. 2B-G) , spots rarely condensed (Fig. 2H , so far only from populations of Corsica and Sardinia) or spots completely absent (Fig. 2A) ; intervals chagreened, punctation even, granulate; striae shallow, weakly punctate, 7th stria weakly curved.
Pygidium. Base with marginal line, dull, punctation fine, moderately dense and simple, superficial. Aedeagus. Figs. 3C-3P ; endophallus: 3AC-AF, 3AL-AO (see Table 1 ). Male, major form. Reflexed portion of anterior edge of clypeus weakly sinuate (Fig. 2R) ; frontal carina absent, inpunctate on this spot; carina of vertex with large lamella with 1st sides basally parallel, apically with a sharply pointed horn being almost rectangular erect and straight (lateral view) (Fig. 2AH) ; Pronotum on anterior declivity smooth, medially with a deep impression, marginal line of basis narrower or interrupted beside posterior angles (Fig. 2AI) . Antíoco, Tonnara, L10-Cala Gonone, L11-Monte Lupone, L12-Rocca Massima, L13-Lago Sefro, L14-Piane della Regna, L15-Colle dell'Orso, L16-Campodimele env., L17-Pantano della Zottola, Iserina; Spain: L18-Higuera de la Sierra, L19-Avila to El Barraco, L20-Guadix, L21-Extremadura: 1 km E Jarandilla. Male, minor form. Anterior edge of clypeus weakly sinuate (see Fig. 2S ); frontal carina weakly indicated to slightly elevate, curved; carina of vertex with a small lamella slightly elevated at middle; pronotum anteriorly with rugose punctures, medially with a pair of small, smooth convexities, marginal line of base beside posterior angles complete. Kugelann, 1792 Derived from title of the work: Prussia valid name 'Pronotum blackish; elytra more black spotted'. Panzer, 1796 Derived from title of the work: Germany
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The figure shows a pointed horn (Fig. 2V, 2AA) ; pronotum at anterior marginal declivity widely smooth and only sparsely punctate, medially with a slightly anteriorly produced and medially slightly incised convexity, beside it on each side with a weak convexity, marginal line of base narrower or interrupted beside posterior angles (Fig.  2AI) . Female, minor form. Anterior edge of clypeus sinuate; frontal carina short and weakly elevate; carina of vertex low and narrow, ends without teeth (Fig. 2W, 2AD ); pronotum anteriorly with rugose punctures, medially with a slightly transeverse smooth convexity, basal marginal line complete.
Remarks. Interestingly, Krell (1996) did not report a second type specimen. The lectotype had no labels from Krell. According to Krell (personal communication, 2010 ) labels might have been lost recently during the digitisation project of the Linnean collection. Therefore we placed new lectotype and paralectotype labels on the type specimens. Both the Linnaean lectotype and paralectotype were conspecific with the form more common in southern France, which is consistent with the first named citations of southern France. Since O. vacca does not occur in 'Prussia' (= "Borussia" in Linnaeus, 1767; Borussia was the name of a region somewhere in what was later known as Prussia, and that in late 18th century Prussia occupied what is now northern Germany and northern Poland), we can definitely assume here the type locality to be southern France, although type specimen labels had no locality information. 8°10'8" E, 23.05.2008 , leg. J. Schönfeld" (1 Albarricin, Orihuela del Tremedal 1500 m, Schafskot, Fery leg." (1 basally parallel, apically with a sharply pointed horn being almost rectagular erect and with s-shape arch (lateral view) (Fig. 2AF-AG) ; Pronotum on anterior declivity smooth, medially with a deep impression, marginal line of base beside posterior angles complete (Fig. 2AJ) .
Male, minor form: Anterior edge of clypeus sinuate (Fig. 2S) ; frontal carina weakly indicated to slightly elevate, curved; carina of vertex with a small lamella being slightly elevated at middle; pronotum anteriorly with rugose punctures, medially with a pair of small, smooth convexities, marginal line of base beside posterior angles complete.
Female, major form: Anterior edge of clypeus weakly sinuate; frontal carina distinct, elevate, weakly curved; carina of vertex low, as wide as entire posterior edge of head, each end blunt and weakly elevated (Figs. 2X, 2AC) ; pronotum at anterior marginal declivity widely smooth and only sparsely punctate, medially with a slightly anteriorly produced and medially slightly incised convexity, beside it on each side with a weak convexity, marginal line of base beside posterior angles complete (Fig. 2AJ) .
Female, minor form: Anterior edge of clypeus weakly sinuate; frontal carina short, elevate; carina of vertex wide and low, without or only with slightly indicated elevated ends (Figs. 2Y, 2AE) ; pronotum anteriorly with rugose punctures, medially with a slightly transeverse smooth convexity, basal marginal line complete.
Species pattern of distribution and phenology
The ranges of O. vacca and O. medius overlap, both being widely distributed in the western Palaearctic (Fig.  4) . Beyond their wide sympatry, there are some significant differences: O. vacca is mainly concentrated in southern and south-central Europe expanding its range towards northern Africa (Morocco and Algeria). In central Europe, O. vacca seems to be absent north of 50° latitude (Fig. 4A) . It seems to be more thermophilous than O. medius as it is found in the Apennine Peninsula and in south-central Europe mainly at lower altitudes, lacking completely on the Alps, while it occurs also in higher mountains in southern Europe. Many records from central Europe originate from last century and their current distribution there seems to be limited to the Pannonic plain. Onthophagus medius has a much wider distribution in the humid and temperate climate and occurs much further north than O. vacca (Fig. 4B) while it is absent from areas with Mediterranean climate including several larger and more distant Mediterranean islands such as Corsica, Sardinia, Crete, and Aegean Islands. In southern Europe it occurs exclusively in medium and higher altitudes.
This distributional and the ecological differentiation of both taxa is linked to the seasonal occurrence of the both species. Onthophagus vacca seem to overwinter as adults and occur quite early in the year with peak activity during April and May (Fig. 5 ). According to their more northern and mountainous distribution, adults of O. medius emerge later in the year compared to O. vacca. They have a generally shorter period of activity that peaks during May.
